Egg white sols diluted with various liquids are easily converted to soft, smooth gels by heating. In this study, the e#ects of various salts on the properties of diluted egg white gels were investigated. Using univalent NaCl or KCl, the breaking strength of gels was lower than for divalent MgCl, or CaCl,, though it increased gradually with increased salt concentration. The amount of liquid released by syneresis from gels with divalent salts was significantly larger than those with univalent salts. Moreover, the breaking strength of gels with the same charge showed the same behavior, by adjusting to the same pH value of the sols. Thermal analysis (DSC) showed a peak assigned to ovalbumin, which shifted to a slightly higher temperature with univalent salts added.
Introduction
Protein food ingredients coagulate from the heat of cooking, resulting in changes in the properties and taste of the food. The protein compositions of egg yolk and egg white sols in whole eggs di#er from each other, and therefore eggs can be used in a wide variety of ways in cooking. Egg sols diluted with various liquids, such as soup stock or milk, are easily converted to soft, smooth gels, by heating. The heat coagulation of the protein is influenced by the valence of added salt ions (Migita, +302 a; +302b ; Nakahama et al., +302) , and is also correlated with other ingredients in natural foods (Saida, +310 ; Murata, +310 ; Watanabe et al., +320) .
Salt used as an ingredient in foods is usually pure NaCl. Recently, however, natural salt, which contains very small quantities of CaCl, and MgCl,, has also appeared on the market. The e#ects of these salts on the heat coagulation of protein and on the color, hardness, and texture of cooked foods needs to be determined.
In this study of cooked, salted egg solutions, such as egg-tofu (curd) and chawanmushi (diluted egg sols in a china soup bowl), the e#ects of various salts (NaCl, KCl, MgCl,, and CaCl,) on the taste and properties of diluted egg gels is investigated.
A previous study by Ichikawa et al. (,**+) on the e#ect of various salts added at di#erent concentrations to diluted egg solutions, obtained the following details regarding the properties and saltiness of egg sols and gels. For whole egg solution, the breaking strength (hardness) of gels was highest when MgCl, was used. The softest gels were produced when CaCl, was added. The amount of liquid released by syneresis was smallest with NaCl added, and larger in the order of KCl῍MgCl,῍CaCl,.
Herein, in order to clarify the e#ect of added salts in combination with pH on a specific protein system (Watanabe et al., +320 ; Nakamura, ,**+), we investigate the properties of gels prepared from diluted solutions of egg white alone, in which most of the solute was the protein ovalbumin, using the salts mentioned above.
Materials and Methods
Materials Fresh eggs were obtained from a specific shop (Chiyoda Ward, Tokyo), and used on the day of purchase. Special-grade reagents of NaCl, KCl, MgCl, · 0H,O, and CaCl, · ,H,O were used as the salts added to the egg white sols.
Preparation of gels with salt Stirred-homogenized egg white sols were screened twice with a stainless steel sieve (mesh No. -/) . Following the addition of salt solutions with a concentration of *..ῌ, *.2ῌ, or +.,ῌ, the egg white sols were screened once more.
Sixty-gram fractions of the sols in a pudding mold with fluorinated resin coating on the inner surface were wrapped with film and heated to 3*ῌ+῎C in a water bath for ,* min. After cooling in running water, the gels were then stored for ,. hr in a refrigerator at .῎C for use in experiments.
Analyses The hardness of the prepared gels was measured using a rheometer (Yamaden, RE---**/). The properties of breaking strength (breaking stress, breaking strain, and breaking energy) of samples +/ mm thick and
The amount of liquid released by syneresis from the salted gels was measured using two methods : +) keeping, and ,) centrifugal separation. In the keeping method, gel was placed in a 3 cmf funnel with a filter plate and wrapped with film, and the amount of liquid that dropped within +*, ,*, .*, and 0* min was measured. For centrifugal separation, a sample weighing about -g was put in a +.2 cmf, +* cm long tube with a cap. The sample was set on a centrifugal separator at ,**῍g (+,+* rpm), ,***῍g (-3** rpm), or +*,***῍g (20** rpm) for -min, and supernatant liquids were measured.
Thermal transformation of egg white sols to salted gels was analyzed using di#erential scanning calorimetry (DSC). DSC analyses of the sample sols were performed using a Seiko Electric DSC-,,*C·SSC//,**. The DSC cell was heated from .*῏C to +**῏C at a rate of +*῏C/min.
Diluted egg white gels (-/῎ concentration) with *..῎ or *.2῎ salt added were cross-linked by formaldehyde, and the tissue, stained by haematoxylin-eosin, was observed microscopically (magnification῍+***).
Results and Discussion
Gel Strength Properties Diluted egg white sols did not coagulate without added salt, but did coagulate with added salt with heating at --῎ and /*῎ concentration. At these two concentrations, the e#ects of added salts on the heat coagulation to gels were examined. The breaking stress and strain values of egg white gels with various salts are shown in Fig. + .
In --῎ egg white gel, both stress and strain increased markedly with an added salt concentration of *..῎, and then gradually increased over higher concentrations of *.2ῌ+.,῎ added salts. The values were higher for divalent salts (CaCl, and MgCl,) than univalent salts (NaCl and KCl) in the following order : CaCl,῍MgCl,῎KClῌNaCl at every salt concentration. In /*῎ egg white gels, the breaking stress and strain values for KCl and NaCl were higher than those in --῎ egg white, and little di#erent from those for MgCl, or CaCl,.
With the concentration of egg white solution over the range of -+ῌ.*῎, which do not heat-coagulate without added salt, the strength of gels with *.2῎ of various salts added was examined in detail (Fig. ,) .
The stress was smaller for univalent salts than divalent salts, although it increased gradually with increased egg white concentration. On the other hand, stress for divalent salts showed high values at --ῌ-/῎ egg white concentrations and changed little at higher concentrations. These results suggest that heat coagulation was influenced by both the kind of salt and the concentration of diluted egg sols. Divalent salts, which form ionic crosslinks between protein molecules, promoted coagulation in gels at low egg sol concentrations. At higher concentrations, more intensive repulsion between protein molecules suppressed the cross-linking by divalent salts. However, the degree of promotion by MgCl, was somewhat di#erent from that by CaCl,.
The pH values of untreated egg white sols were 3.*1ῌ 3../. Those of the diluted sols with salt solutions are shown in Table + .
As shown in Table + , the pH value was the lowest with CaCl, added. To clarify the e#ects of salts, the pH of sols used to prepare gels was adjusted to the same value of 1..*῍*., with the addition of ,N HCl. The breaking strength values (stress, strain, and energy) of -/ῌ egg white gels with various salts added at *..ῌ, *.2ῌ, and +.,ῌ concentration were compared, as shown in Fig. - .
The values were lower for the univalent salts NaCl and KCl than with divalent salts MgCl, and CaCl,, although they gradually increased with increasing salt concentration. On the other hand, those with divalent MgCl, or CaCl, showed high values at *..ῌ salt concentration and little change at *.2ῌ and +.,ῌ concentrations. In contrast with findings obtained previously, Mg salt and Ca salt had the same behavior on the properties of the gels in this experiment. This result suggested that the intensity of anionic repulsion between egg protein molecules decreased at low pH, which promoted the formation of ionic cross-links by divalent salts, especially Mg salt.
Amount of Liquid Released by Syneresis from Gels The amount of liquid released from --ῌ and /*ῌ egg white gels with various salts were measured following fixed storage times (keeping method : +*, ,*, .*, and 0* min) (Fig. .) .
Gels with univalent salts released comparatively less liquid, though the amount increased with increased salt concentration. With divalent salts, remarkably larger amounts were released, but salt concentration had little influence ; the liquid released amounted to nearly /*ῌ within 0* min with *..ῌ salts added. Moreover, the amount of liquid released from /*ῌ egg white gels with divalent salts was less than that released from --ῌ egg white gels, indicating the influence of egg white concentration on water retention.
The amount of liquid released by syneresis within 0* min in -+ῌ.*ῌ egg white gels with *.2ῌ of various salts are compared in Fig. / (keeping method) .
Compared with univalent Na or K salts, the amount of liquid released by syneresis from gels with divalent Mg or Ca salts was remarkably large. The amount of liquid released decreased with increased egg white concentration in all instances. These results suggest that little water in egg white sols is released by syneresis during the heat coagulation of protein to gels.
These data were used to estimate the amounts of water held in egg white gels per gram of protein (egg white contains ++ῌ protein and 23ῌ water (Kagawa, ,**/), and it was assumed that the released liquid consisted of +**ῌ water). The results are shown in Table , .
The amount of water held in gels with univalent salts was approximately twice as large as gels with divalent salts. This suggests that the ratio of protein to water around divalent cations, Mg ,῍ or Ca ,῍ , is higher than around univalent cations, Na ῍ or K ῍ . After the pH of the sols used to prepare gels with salts was adjusted to the same value, the amount of liquid released by syneresis in -/ῌ egg white gels with various salts was measured using the centrifuge method (Fig. 0) .
Similar to breaking strength (Fig. -) , the amount of liquid released by syneresis in gels with divalent Mg or Ca salts was significantly higher than with univalent Na or K salts. The amount of liquid increased with centrifugal force in all gels, and were especially large with NaCl or KCl at +.,ῌ concentration centrifuged at +*,***῎g. To clarify the e#ects of pH, more analyses using the same method are necessary.
Thermal Analyses of Protein/Salt Sols by DSC Examples from the thermal analysis (DSC) of the heat coagulation process of egg white sols with +./ῌ salt are shown in Fig. 1 . Calculated mean values of each peak top temperature, as indicated in the Figure, are shown in Table - .
The DSC curves of egg white sols showed two broad endothermal peaks, near 01ῌ02ῐC and near 2+ῐC. They were assigned to the egg proteins ovotransferrin (I) and ovalbumin (II), respectively (Shiotsubo, +33+) . Shifts to a slightly higher temperature were seen in peak I with divalent salts added, and in peak II with univalent salts added.
Microscope Observation of Gel Structure Photomicrographs of -/ῌ egg white gels with *..ῌ and *.2ῌ salts (pH῏1..*) are shown in Fig. 2 .
The tissue structure of egg white in gels with *..ῌ univalent salts was a little coarse. On the other hand, the structure of gels with divalent salts was finer. With *.2ῌ salts added, the di#erence was more remarkable. However, little di#erence was seen between the two univalent ions or the two divalent ions, probably due to pH adjustment in the sols. These observations demonstrated that the stronger, harder gels have a finer tissue structure.
From our results, we conclude that the e#ects of added salts are more clearly evident at lower concentrations of egg white sols, which do not coagulate by heating without salt. Divalent salts, particularly CaCl,, participated in the gel transformation.
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